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Home R.:,nge and Movements of Boreal Toads in Undisturbed Habitat 

~RlN MUTHS 

I sampled movements and amount of area used by boreal loads (Bufo boreas) 
betwecn lune and October for 3 yr. Females were found farther from the breeding 
site than were males, and mean home ranges, as calculated by the adaptive kernel 
method, were four times larger ror females than for males. Temperature and snow 
accumulation were comparable over the study, but data coUeetion wa.s hampered by 
mortality of animals caused by an outbreak of amphibian cbytridiomyco!ris in yr 2. 
These data provide insight into use of habitat by boreal toads in undisturbed areas 
but may not be typical of a completely healthy population. 

BOREAL toads are found at higher elevations 
in the southern Rocky Mountains (2000

3500 m. Hammerson, ] 999) and are an endan
gered species in the state of Colorado. Habitat 
destructlon has not been identified as a signifi
cant factor in this decline (Muths and Corn, 
2000). in pan because these toads are found in 
areas that are typically under federal or Statc 
protection, for example, National Park Service. 
USFS or BLM lands. However, with increased 
use of the backcountry and increased develop
ment around ski areas, a need to understand 
the use of habitat and habitat requirements of 
the boreal toad has become imperative. The 
aims of this study were to (I) determine overall 
home-range size defined by the maximum area 
used by a lOad during its postbreeding active 
season (June to October). (2) determine max
imum and minimum distances moved from the 
breeding site, and (3) examine differences he
tween male and female toads for these two pa
rameters. I radio tracked boreal toads resident 
in a single drainage in Rocky Mountain Nation
al Park. The population appeared to be robust 
at the beginning ofthis study (Corn et al.. 1997) 
but continued monitoring revealed a sharp de
cline in the number of male toads and identi
fication of the lethal chytrid fungus (Batrachoch
ytrlum delUirobatidis) in live and dead toads col
lected in the drainage (Muths et aI., in press). 

Knowledge regarding the home range, or 
amount of area used by toads, is limited. Bratts
trom (1962). Zug and Zug (1979). Bayliss 
(1995), and Seebaeher and Alford (1999) dis
cuss movements and the use of habitat by cane 
toads (Buro marinus). Griffin and Case (2001) 
discuss terrestrial habitat preferences in Arroyo 
toads. Parker and Gittins (1979) discuss home 
range in the common toad (Buro buro) and Den· 
ton and Beebee (l996) examine habitat occu
panc)' by juvenile natterjack toads (Bufo calami
(4). Dispersal and migration distance have been 
the subject of a number of studies: for example, 

Kusano et aL (1995, B.japonicus). and Miaud et 
a1. (2000. B. calamita). Other investigations have 
addressed aspects of toad ecology and beha\~or 

related to the use of habitat: migration and 
movements (Sinsch. 1988. 1990, B. &ufo); hOIll
ing (Sinsch, 1990, B. hufo); and use of refugia 
(Denton and Beebee, 1993, B. l7ufo and B. cal
ami/a). Information specific to boreal Loads is, 
however. limited. Campbell (1970) reports on 
movements of boreal toads between breeding 
sites, Hailman (1984) discusses acti.ity patterns. 
and Bartelt (2000) add.·esscs distances moved 
from the b.·eeding site and biophysical param
eters affecting habitat selection in Idaho. Jones 
(Colorado Division of Wildlife boreal toad re
search progress report, p. 1-19, 1999, unpubL) 
discusses home-range and movemenLS. 

MATERIALS AND ME1l'IODS 

Toads were captured by hand at one breeding 
site in the North Fork drainage of the Big 
Thompson River in Rocky Mountain :'-Iational 
Park. Captured animals were routinely given a 
PIT (passive integrated transponder) tag to 
identify individuals (Camper and Dixon, Evalu
alion of a microchip marking system for am
phibians and reptiles, Texas Parks and Recrea
tion Dept. Research Publication 7100-]59:1-22, 
1988, unpubl.) and snout-vent length (SVL) , 
mass, and sex were determined. Fourteen adult 
boreal toads (six females and eight males) were 
fitted with radio transmitters between 1998 and 
2000 and tracked throughout their postbreed
ing active season. Sizes of toads used for telem
etry averaged 39.5 g (males) and 76.4 g (fe
males); SVL averaged 65.4 mm (males) and 81.7 
mm (females). The mass of the transmitter, in
cluding the belt used for' att.achment was 1.82 g. 
less than or equal to 5% of the mass of the light
est toad tracked. 1 used BD-2G transmitters 
from Holohil Systems@ with an average battery 
life of l.f-16 weeks. Transmitters were fitted to 
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toads using a modificalion of the belt system of 
Bartelt and Peterson (2000). I used 5 mm flex
ible rubber tubing with a 1.5 mm diamerer 
hole. Inside the tubing, I used stainless steel, 
nylon-<::overed wire (#27 Sevalon Tackle Corp., 
Long Beach, CA). The transmitter was threaded 
onto this metal wire and the wire crimped shut 
with 9 mm long, 4 mm diameter metal leader 
sleeves. The rubber tubing prevented most all 
chafing of the animal's skin. Wire ends were 
clipped flush with the metal sleeve. Fitting an 
animal with the radio collar took from 3-6 min, 
and animals were monitored until they disap
peared into the underbrush, usually less than 3 
min after release. 

Toads were tracked using a TeIonics TR4 ra
dio receiver anti a Vagi anterma (TeJonics mod
el RA-14). ~nge of the radio signal varied de
pending on the habitat. I received signals from 
as far away as 0.5 km, whereas other signals were 
not. audible until I wa.~ within 5 m. J searched 
for toads once per week; timc between locations 
was at least five days. When animals were locat
ed, the position was noted using GPS (error ::5 

8 m). I determined the substrate that the toad 
was sitting on and the orientation of the toad. 
I double-<::hecked the animal's identity using a 
PIT tag scanner but did not assess mass and SVL 
at each \.apulre. These measuremenrs were tak
en 2-3 times during the season to monitor gen
eral health of the animal. Transmitters were re
moved before battery life was expected to run 
out. 

Air and water temperatures were monitored 
throughout the study (May to October) using 
HOBO temperature loggers (Onset Computer 
Corp.®) loc:ated at the hreeding site. Snowp3l:k 
(measured in snow water equivalents [swe]) and 
precipitation were measured by the USDA Nat
ural Resources Conservation Service, National 
Water and Climate Center (hup:/!www.wec. 
nrcs.usda.gov!factpub!ads!adscosn t. h tm I and 
http://www.wcc.nrcs. usda.gov!factpub lads!ad
scopcp.html, respectively). 

Tused the program CALHO\-fE (CALHOME: 
A home range analysis program, Ms.-DOS verso 
1.0, J. G. Kie, 1994) and the adaptive kernel 
method (Worton, 1989) to calculate the 95% 
area home range used hy each animal during 
the acave season. Nonindependence was ad
dressed by taking the animal, rather than the 
location as the sampling unit (Aebischer et aI., 
1993). No changes were made to the default set
tings on the CALHOME program. Home-range 
size (m 2) was compared to provide relative val
ues for area used by female and male toads. 

The straight-line distance from each location 
of each individual lOad to the center of the 

breeding site was calculated in ARCVIEW using 
the "near" function. Thf"se data were analyzed 
using PROC MIXED (SAS!STAT user's guide, 
verso 6. 4th ed. SAS Institute, Cary, NC, 1990). 
Because repeated locations were taken on each 
toad through l.ime, PROC MIXED was Ilsed to 
model the covariance structure of the data 
(SAS$ System for Mixed Models, R. C. LineH, F. 
A. Milken, W. W. Stroup, and R. D. Wolfinger, 
SAS Institute, Cary, NC, 1996) for appropriate 
estimation of mean distance from center of 
breeding pond by sex. Sex, date (as Julian day), 
and s<::x X date were included in the mixed 
model as fixed effects and toad nested within 
sex was the experimental unit (subject) on 
which repeated measurements were taken. The 
within-subject covariance structure of t.he daTa 
was assessed using the full sex X date model. 
Akaike's information critierion corrected for 
small sample size (AlCc; Anderson et aI., 2001) 
was used to rank unstructured, compound sym
metry (random effects), compound symmetry 
with heterogeneous variances, and Temporal au
tocorrelation covariance models (SAS!STAT 
user's guide, vel's. 6. 4th ed. SAS In~titllre, Cary, 
NC, 1990). The information-theoretic approach 
and AlC is the most appropriate method of 
analysis, it avoids the use of arbitrary signifi
cance (alpha) levels and is hased on the prin
ciple of parsimony (Anderson et aI., 2001). This 
approach advocates a criterion for model selec
tion that incorporates model fit as well as the 
number of parameters in the model (Rurnham 
and Anderson, 1998). Missing values were ac
counted for by temporally aligning the time 
each location was taken becween toads (SASQIl 
System for Mixed Models, R. C. Linell, G. A. 
Milken, W. W. Stroup, and R. D. Wol6nger, SAS 
Institute, Cary. NC. 1996). Unequal time inter
vals were accounted for by using the spatial pow
er SLructure for covariance, which is a general
ization of the temporal autocorrelation struc
ture for measurements taken at unequal time 
intervals. 

Using the best model for the \.ovariance 
structure, as indicated by the lowest AlCc value, 
a sex + daTe and sex model was run to find the 
most parsimonious model to examine differenc
es by sex. Once the covarianc:e and structural 
model were chosen (based on minimum AlCc 
values), least-square means in PROC MIXED 
(SAS® System for Mixed Models, R. C. Littell, 
G. A. MiLken, W. W. Stroup, and R. D. Wolfin
ger, SAS Institute, Cary, NC, 1996) was used to 
estimate mean distance to center of breeding 
pond by sex and the difference in mean dis
tance to center of breeding pond between sex
es. Type III sum-of-squares was used for all hy



pothe~i.5 tests to accouIlt lor unequal sample siz
es. 

REslIt:rs 

Toads were track.ed between June and 0<:(0

ber each year. Toans were caught and radios at· 
wched after breeding during routine site sur
vevs; therefore, the number of locations and 
ti~e of year when tracking took. place v<lried 
among toads (Table I). The mean home range 
of females was four times larger than the mean 
male home range (Table 2). 

The covariance model with 1.lte lowest AIC<: 
was the temporal autocorrelation model (78.6 
Alec units lower then the second best model). 
Using this model for the covariance structure, I 
compared the sex x date model to the sex + 
date model and sex model. The sex X date 
model had the lowest AlCc value (4.9 AlCc 
units lower than the sex + date model and 8.7 
Alec units lower lhan the sex model) and was 
used to estimate distance to center of breeding 
pond by sex and the difference in distance to 
center of breeding pond benveen sexes. 

TABl.E J. [HE NuMBf.R OF Tlw;S EACH TOAD WAS Lo

CATED (=Lo<..:Al10NS) AND AREA Usrn, DATES TOADS
 

W~:RE TRACKED AND SEX OF RADIO·TRACKED TOADS.
 

Toad it! Srx 
Number 0' 
locatioo:; 

221 F Jun-Jul 19911 
219 M Aug-Oct J9!JB 
IB4 M Jun-Aug 1998 
309 M Aug-Oct 1998 
015 F .Iul-'sep 1999 
155 F Jul-Sep 1999 
103 F Jun-Aug 1999 
132 M JIlI~<;ep 1999 
065 M Jul-Sep 1999 
194 M Jul-Sep 1999 
232 M Jul-Sep 1999 
566 f Jul-Oct 2000 
tiltl F Aug--Sep 2000 
593 M Aug-Sep 2000 

Total locations: F = 58; M = 

7 
16 
12 
13 
10 
10 
16 
9 

J5 
9 

10 
10 
5 
9 

93 

118.200 
266.B14 
32.190 
8.870 

714.300 
22.887 

58'7.600 
87,710 
24,030 
25,852 
18,170 
12,750 
20,264 
2.746 

162 COPEIA, 2003. NO. I 

.. 

The estimated mean distance at which female 
toads were found away from the center of the 
breeding pond was 721.46 In (SE = 167.21)"; the 
estimated mean distallc(: for males was 218.15 
m (SE 1'12.19). The mean distance for females 
was 3.0 times all far away as for males. The dif
ference in the least-square means between sexes 
for distance was 503.31 (SE = 2l9.49; df == 121; 
1= 2.29; P= 0.04; Fig. J). The maximum mean 
distance of locations away from the breeding 
pond was two times greater for lemale toads 
than for male lOads. The minimum distance was 
rhree rimes greater for females than males (Ta
hie 2). The longest distance [raveled away from 
the breeding pond in one sea.~on was 2324.3 m 
(female) and 970.8 m (male). 

Between 1998 and 2000. average monthly air 
(June to August) and water (June to Septem· 
ber) temperatures varied by oS 2.8 and oS 3.0 C, 
respectively. October w<I!er temperatnre average 
vaJied from 6 to 17 C, and the October air tem
per<lture aver<tge Y'<lried from 22 to 16 C (there 
were no air tempel'ature data for September 
and October 1999). Interannual variation in 
sIlowpack and precipitation was negligible 
(~4.0, 24.2, and 25.5 swe; and 109, 114.B, and 
113.8 inches), respectively for 1998, 1999, and 
2000. 

Beginning in 1999, toads of the appropriate 
size to radio 'vere difficult to find in spile of 

TABU:: 2. AR~.A O~ HOMERANGt:; MlAN (E&IlMAWD VALUES fROM l'H.OC MIXED), MFAN MAXIMI.~ AJ'IO MEAN
 

MINIMUM DlsrANO~<; OF TOAD LOCATIONS AwA.Y FROM THE CENTER OF THE BRt:I;DING POND.
 

M""n Mean 
Mean ll'laximum nlinimum 

StJ. N 
Mean 

..rca (roll) 
R4n.~e 
(m SD 

diSUlnce 
(01) 

di.~"cc 
(m) 

disLance 
(01) 

Female 6 246,000.2 701,550 318.58J .23 721.46 905.154 392.003 
Male 8 58,298.8 264.068 88.148.63 218.15 461.903 130.978 

Fig. 1. Diswnce of toads from breeding pond after 
the breeding season (all years and all locations plot
ted for each animal: females n '" 58. males n '" 93). 
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increased ellort~, caused by the r~dllced num
bers of animals present. Eleven of the animals 
[racked were healthy when last seen, and three 
were :,;yrnptomatic of chytrid fungus (Muths et 
aI.• in press) when they were collected at death. 

DISCUSSION 

Size of horJU mUJil".-The home ranges of female 
toads may be larger thall the home range~ of 
male~ because of increased energetic demands 
and food requirements in females preparing- for 
reproduction. Female boreal toads reach sexual 
mamrity at five or six years of <lge (Carey et al.. 
in press) lind probably do not breed annually 
(Muths and Corn, 2000; Carey et al.. in press). 
The length of time to maturity is likely a func
tion of the energetic exp~nse of vitellogenesis. 
At elevations typical of boreal toad habitat. 
p;rowing seasons are short such thal the produc
tion of a dut.ch of eggs by a female may require 
multiple seasons. 

A year-long study by Jones (Colorado Division 
of Wildlife boreal toad research progress report, 
p. 1-19. 1999) used the fixed kernel method to 
estimale home range sizes in boreal toads. Al
though home ranges were smaller overall than 
the present sludy, female home ranges were still 
2.'1 times larger than male horne ranges. Post
breeding activity areas were measured at 220 m'! 
(n = 15) for Japanese toads (Kusano et al.. 
1995); much smaller than the home ranges re
ported here. Differ~nces may be related to a 
number of factors: tht> duration of the studies 
(1 yr Uones, Colorado Division of Wildlife bo
real toad research progress report pp 1-19. 
1999] and 4 mo. [Rusano et aI., 19951); habitat, 
(a heavily disturbed mining sile Uones, Colo
rado Division of Wildlife boreal toad research 
progress report., p. 1-19, 1999.] and a human
modified garden and agricultural landscape 
[Kusano et al., 1995]); or size, Japanese toads 
are larger (> 100 mm SVL. Knsano et al.. 1995) 
than boreal toads. 

Distances moved.from breeding site.-I found that 
females moved farther from the breeding site 
than males and that mean minimum and max
imum distances were also greater for females. 
Natteljack toads in Spain, tracked during the 
non breeding season, did not show difTerences 
between sexes in the distances they moved from 
the breeding site (Miaud et aI., 2000). However, 
Bartel[ (2000) found that female boreal toads 
in Idaho moved significantly farther from the 
breeding- site than maJes (P = 0.041). He found 
the greatest distance traveled by a male to be 
0.94 km and the greatest distance moved by a 

female to be 2.44 km, 2.6 times greater than the 
male. In the present study. the greatest distance 
traveled by males and females was nearly the 
same (0.97 km and 2.3 kill, respectively) and 
the ralio of female to male maximum distance 
traveled is comparable at 2.4. The similarity be
tween these [Wo studies of boreal toads at dif
fercntlocations within their range suggests that 
these distances are representative. 

Miaud et a!. (2000) found that 95% of the 
movements by natterjack loads were within 700 
m of the breeding site. In the present study, 
92% of the movements were within 700 m of 
the breeding site (99% of the movements by 
male toads, bUl only 74% by female toads; Fig. 
I). Toads appear to move in linear patterns 
away from the breeding site (Bartelt, 2000). 

Movement patterns of anurans may be influ
enced by enviroumental conditions such a~ tem
perature and moisture availability (Sinsch, 1988; 
Bayliss, 1995; Bartelt, 2000). For this study, 
weather conditions were comparable through
out, suggesting that these factors did not signif
ieantly affect the between-year variation in 
movements and area used by these toads. 

Managewmt implications.--Ski al'ea expansion is 
one example of development that is occurring 
in habitats occupied by boreal loads. Ski areas 
require a good deal of infrastructual support 
such as lift operations, Lodging. residences, food 
service, and parking facilities. Current regula
tions may not provide sufficient buffers between 
habitats used for toads and developments. For 
example, the sethack requirement for the Cu
cumber Gulch Overlay Protection District in the 
town of Breckenridge, Summit County, Colora
do is 300 feet (91 m) from "the edge of wet
lands c.ontaining principal water bodies" (Town 
of Breckenridge, Council Bm No. 36, Series 
[999; Ordinance #9, Series 2000). Countywide 
setback regulations in Summit County are pres
ently at 25 fcet (7.6 m) for aJl wetlands in the 
county but arc under revision. The use of up
land habitat by semiaquatic animals, including 
amphibians, ha~ been documented (e.g., Dole, 
1965; SemLitsch, 1981; Griffin and Ca~e, 2001). 
In their study of freshwater turtles, Burke and 
Gibbons (1995) found that federally delineated 
wetland bouudaries failed to protect any nests 
or hibernation burrows at their study site and 
suggested that there is a real need to protect 
upland habitat beyond federal wetland bound
aries. My study found that bor'eal toads use wet 
meadows and upland areas up to 2 km away 
from the hl'eeding site but does Hot document 
the intensity of the llSC of habitat at breeding
sites versus I><lstbreeding locations. Other stud"
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les sugl';est that boreal toads travel in straight
lines from the breeding site to summer refugia 
(Banelt, 2000). Semlitsch (1981) found that an
other amphibian, the mole salamander (Amlrys
I01na talpaUi.eum), travels to and from breeding 
sites in a nonrandom manner. However, this 
study diseriminated between linear movements 
that are migratory versus movements within a 
home range (Semlitsch, 1981). To my knowl
edge, the difference between movemenLs to and 
movements within postbreeding habitat, has not 
been addressed for to<lds. Therefore, it is un
clear whether larger areas around toad breed
ing sites need to be protected or whether cor
ridors leading to protected areas centered on 
more distant postbreeding habitat are a tenable 
alternative. This study as well as other studies 
on various herpetofauna suggest that protecting 
non breeding habitat in areas of extensive de
velopment presents a challenge. 

Data from this study provide ll.'leful guidelines 
for determining areas of toad habitat conser
vation that should be considered in manage
ment decisions. As human development contin
ues, knowledge about habttat requirements for 
small animals such as the boreal toad becomes 
more critical. More derailed work is clearly 
needed to define the spatial use of habitat by 
boreal toads with equal emphasis on wedand 
and upland habitats. 
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